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main source rock and the target of shale gas exploration in Sichuan Basin. Organic matter maturity is not only the key to evalu-
ate hydrocarbon generation, but also a vital indicator of shale quality evaluation. The maturity of organic matter in Lower Pale-
ozoic shale has always been a difficult and hot issue in organic petrology. However, the previous studies were focused on the
conversion of solid bitumen reflectance to equivalent vitrinite reflectance on account of the lack of vitrinite in Lower Paleozoic
stratum. And the limitation and uncertainty of bitumen give rise to a lack of uniform understanding and systematic research of
Wufeng-Longmaxi shale on thermal maturity. The core and outcrop samples of Wufeng-LLongmaxi shale were collected in
Sichuan Basin and its periphery areas for optical analysis of organic matter. The macerals and optical characteristics of various
organic matter in Wufeng-L.ongmaxi shale were analyzed. The main macerals organic components are composed of the graptolite
fragments and solid bitumen. Two types of solid bitumen have been distinguished in shales, based on optical properties and mi-
crostructure characteristics in reflected light: (1) pyrobitumen—a highly reflecting granular and sharp angular bitumen accu-
mulates in intergranular pore spaces and microfractures; (2) matrix solid bitumen—an irregular granular surface and finely or-
ganic matter particle widely disseminated in the clay mineral matrix with low reflectance. The random reflectance of pyrobitu-
men is slightly lower than that of graptolite in the same sample. The increase of graptolite reflectance is faster than that of solid
bitumen with the increase of maturity, and anisotropy increases significantly. Both pyrobitumen and graptolite can be used for
maturity analysis in Lower Paleozoic shale. Compared to the reflectance of solid bitumen, the random reflectance of graptolite is
more suitable as maturity index due to reflectance value show a narrower range. However, its relationship with vitrinite reflec-
tance at overmature stage still needs further study.

Key words: Sichuan Basin; Wufeng-Longmaxi shale; graptolite; solid bitumen; thermal maturity; equivalent vitrinite reflec-

tance; petroleum geology.
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Fig.1 Sample locations of wells and outcrops investigated in the Upper Ordovician Wufeng and the lower part of Lower

Silurian Longmaxi Formation in Sichuan Basin and its periphery
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Fig.4 Relationship between graptolite random reflectance and solid bitumen random reflectance

Fig.3 Relationship between graptolite random reflectance and solid bitumen (Type A) for Wufeng-L.ongmaxi shale
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3.3.1 EBEEmE  EFx AL O — e R A
DU I BB B 5, ST T 22 02 ok U i 39 R 5% 4
Ry SR T A S R O vk GRE BE 4F L 20125 Li
et al.,2016) , BAK T A 1 2538 ARG A [a] b DX B
ST T S S RO R R OE R (6, R
30 AELE DY 1| 2 b, vy KR A 2 07 5 1 5 R R
(1988) LA K& Jacob (1989) & H i 24 3K, &5 3 % B Tt
U R Ak T i A B B AR R Y TR I T R
SR 1.5%~2.0% J5 , Wi 15 22 30 AR 58 19 4% 1)
S AR BT M (Xiao et al., 2000). %5 B 2 [ 4

Wi AEA ) 1 S A AE B R R A IR AA A =, ol T
Wi 2% 1 T AN 2 — P R4 K FL B 9 A7 7€ (Loucks
et al.,2009; Bernard et al.,2012), P17 W6 RE
A 2E S AT S S A A 22 S O T A L AR
15 T 1) B2 3R (Saned et al.,2015). 3% 46 [ F #f 5
BT AR T 0T 7] — Ml X 0 B B 0 5 1 45
R 2% R AR G 9645, 20125 Dai et al.,2014; Zou
et al. 201531 et al.,2016; XA ZE,2016).
Bertrand and Héroux (1987) #ff 5% i & K @4k
5 Anticosti &% B Fg & — &8 R A HLEH 0 IR
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Fig.5 Histograms of reflectance distribution of organic macerals for Wufeng-Longmaxi shale

0BT R AR S R EqVR, (%)

%
[
T

%

0 1 1 1 1 1 ]
0 1 2 3 4 5 6

[E 307 2 5 2 BR (%)
Pl 6 3 DU T AR O T 5 S5 25 e 40 S8 280 O AR 2 3 % 1 A X e
Fig.6 Comparison of formulas for equivalent vitrinite reflectance (solid bitumen)
a. 1% K Hudson Bay 7ty 2E 5, #i& Bertrand and Malo(2012); b. fill & K Gaspe Belt #5315 8 & — B & R LR A, #& Bertrand and Malo
(2001) ;c.Schoenherr et al.(2007) 43 Jacob(1989) Fl Landis and Castano(1995) #4814 ; d. & Landis and Castano(1995) ; e. A BURE 5 (4%
S = FMBEARF & FR) AEFEEF MBS (1988) £ I 4 =& & — =B & A KBS, 9% 3 B 5 A PR%# (1988) 5 g. 4% Jacob
(1989). 3 (4 B 25 WU I 404 — B R M =& R VR, 5 BR, S0ME . 98 £ F 75 F R % 5 (1988)
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HR2.7%.25% 1 ik, 3= 18 55 Fl R B (1988) DL I
Jacob(1989) 4 t (1 24 2 IF A3 5 B2 BE A &5 1 10
W — i T VB 2 DU A U AR R S R B

332 8F R EXE AR RS 5K R
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